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I. INTRODUCTION 
I. Introduction 
Fishes are of immense value to mankind in tiie form of food and feed. 
They are also useful as animal models for biological research and for 
unraveling molecular mechanism of evolutionary adaptation. Aquaculture 
and capture fishery provide employment to millions. Furthermore, fish 
may be considered as appropriate indicators of aquatic biodiversity since 
their rich diversity reflects a wide range of environmental conditions. 
During the last decade the capture fishery has reached a plateau since the 
wild catches have shown consistent decline, which may be due to habitat 
modification, pollution load, overfishing and other anthropogenic factors. 
This has been adversely affecting the sustainability of fishery resources 
and consequently their gene pools and genetic diversity are showing 
alarming erosion. As genetic diversity is an integral component of 
biodiversity, this exploitation pressure and environmental modification 
necessitates monitoring of the wild populations for possible genetic 
changes. There are various scales such as polymorphic information 
content, allele frequency, heterozygosity etc. which reveal the degree of 
genetic variability. 
The development of molecular techniques has made it possible to analyze 
the genetic variability among population/species by chemical tools and 
also to understand the genetic impact of human actions. Techniques like 
isozyme analysis remained in vogue for a long time. Isozymes are 
functionally similar but separable forms of enzyme coded 
b) one or more loci. In the last two decades isozymes electrophoresis has 
been used as primary tool to characterize population level genetic 
variation in fish species. It is a rapid procedure and can screen large 
number of unlinked loci that are dispersed throughout the genome. This 
marker system has major limitations such as the resolution of protein 
electrophoresis is not always very much reliable for detecting differences 
among populations or individuals. Because of redundancy in the DNA 
code that dictates protein sequences, all changes in a gene may not result 
in a change in the expressed protein thus protein electrophoresis is unable 
to detect many genetic variants. 
DNA based markers revolutionized the molecular genetic techniques as a 
powerful tool and became popular for studying genetic variation in a 
given population. The first in the evolution of DNA based markers is the 
development of mitochondrial DNA (mtDNA) based studies. These are 
the cytoplasmic organelles, their genomes are haploid, maternally 
inherited and non-recombining. Due to the haploid nature, the effective 
population size of mtDNA is only one-fourth of those of the autosomal 
sequences in nuclear DNA (nDNA). Mitochondrial DNA will only reflect 
the maternal history of the population. Further advancement gave rise to 
markers based on nuclear DNA which overcomes the drawbacks of 
isozymes and mtDNA markers. These markers are based on repeat 
sequences which are present in nDNA and can be divided into two types, 
on the basis of individual repeat units whether they are dispersed 
singularly (interspersed repetitive DNA) or clustered together (Tandemly 
repeated). Interspersed repetitive DNA have several families, the two 
largest are known as short and long interspersed nuclear elements (SINEs 
and LINEs). Well known Alu repeats belong to the SINE family. Alu 
repeats are primate specific and consist of a DNA sequence of about 
280 bp (base pairs). LINE families of interspersed repeats are capable of 
facilitating their own propagation by encoding functional reverse 
transcriptase. 
A. Types of Tandemly Repeated Sequences 
Tandemly repeated sequences are divided into 3 types, satellite DNA, 
minisatellite DNA and microsatellite DNA. 
(a) Satellite DNA 
In consists of multiple tandem repeats of nucleotide sequences. The basic 
repeat unit of satellite DNA can vary from as little as 5 to as many as 
several hundred base pairs, however, the overall repeat size at any locus 
is enormous and may vary from 100 Kb to several Mb. 
(b) Minisatellite 
Minisatellite DNA consists of 100 bp to 20 kb in length. It is further 
divided into two types, the first type is known as telomeric DNA, 
consisting of 10-15kb of hexa-nucleotide repeats (mainly TTAGGG), 
added to the telomeres of all chromosome by the enzyme telomerase. The 
second type is hypervariable minisatellite DNA. The basic repeat unit 
may vary in length from 6 to > 50 nucleotides. The presence of numerous 
dispersed, highly polymorphic minisatellite are ubiquitous feature of 
eukaryotic genomes. The overall repeats at any one locus are usually 
polymorphic in nature. This makes minisatellite extremely useful to 
detect the level of genetic variability and polymorphism. This genetic 
polymorphism arises due to mutation. If a newly arisen mutation does not 
seriously impair an individual, it becomes the part of the genome and is 
inherited in the next generation and thus the mutation becomes 
established in the population as another allele. Hence a gene may have 
several forms and show genetic variation. This genetic variation is called 
as genetic polymorphism. 
On the basis of number of loci two categories consisting of a single and 
more than one loci termed single and multilocus minisatellite have been 
designated. As apparent by name, in multilocus minisatellite, an allele 
(unit of specific sequences on a locus) at a particular locus cannot be 
identified because many other sites in the genome consist of sequence, 
which is similar to the sequence of that allele. Single locus minisatellite is 
useful in individual identification and genetic variability within and 
among populations. The repeats are present on a single locus. 
(c) Microsatellites 
Microsatellite or short tandem repeats (STR) comprises simple 
mononucleotide to pentanucleotide repeats and total stretch varies from 
ten to hundred base pairs. In these tandemly repeated DNA the variation 
occurs due to unequal crossing over or due to replication slippage. They 
are highly polymorphic and are distributed ubiquitously in the eukaryotic 
genome. Microsatellite polymorphism is based on size differences due to 
varying number of repeat units contained by alleles at a given locus. They 
proved to be very useful due to their abundance. The change in the 
number of repeat units can result in large number of alleles at each locus 
in different individuals of a population. The large number alleles per 
locus results in a high polymorphic information content (PIC) values. 
They had been used extensively in fisheries research including studies on 
genome mapping, parentage, kinships and stock structure. 
Though different workers have different views about the size of the 
repeat units of these sequences such as Wright, (1993) mentioned that 
size of repeat units of minisatellite DNA is 9-65 bp while the 
microsatellite is 1-4 bp long whereas Wirgin et al., (2005) suggested that 
minisatellites are -10-40 bp and microsatellite 1-6 bp long. However, the 
general consensus is basically on the scheme of Bennett, (2000), where 
the size of minisatellite basic repeat unit is described as 5 to several 
hundred and of total stretch is 100 kb to several Mb, the size of 
microsatellite basic repeat unit is 1 to 5 nucleotides long and overall 
stretch is of 10 to 100 bp. 
In these tandemly repeated DNA sequences, the variation results in 
variable number of tandem repeats (VNTR) loci. Based on these VNTR 
loci '"DNA Fingerprinting" is a technique by which one can discriminate 
between two individuals of a species. In this technique nuclear DNA 
based molecular markers are detected, resulting in a banding pattern 
called as DNA profile or Genotyping or Fingerprints. They proved to be 
extremely useful in population genetics. 
B. Various Techniques of Genome Analysis 
There are several molecular markers present on DNA for genome 
analysis such as- Restriction fragment length polymorphism (RFLP). 
Randomly amplified polymorphic DNA (RAPD), Amplified fragment 
length polymorphism (AFLP) and Single nucleotide polymorphism 
(SNP). 
The above mentioned molecular markers can be divided into 2 types. The 
markers which are associated with known genomic segments are first 
type of markers while second type of markers are associated with 
unknown genomic segments (O'Brien, 1991). RPLP makers are first type 
of markers because they were identified during analysis of known genes 
whereas RAPD and AFLP markers fall in the second category where the 
bands are amplified from unknown genomic regions through polymerase 
chain reaction (PCR). SNP markers are also second type markers since 
they are developed from expressed sequences (e SNP). The usefulness of 
molecular markers can be measured based on their PIC (Botstein, 1980). 
PIC refers to the value of a marker for detecting polymorphism in a 
population and depends on the number of detectable alleles and the 
distribution of their frequencies. Thus, the greater the number of alleles, 
more is the PIC. So the comparison of PIC values can give the idea of the 
power of various marker types. 
(a) Restriction Fragment Length Polymorphism (RFLP) 
Restriction enzymes (RE) are bacterial enzymes that recognize specific 
nucleotide sequences and cut the DNA wherever these sequences are 
found. The changes due to mutations, in the DNA sequence that contain 
restriction sites can results in the gain, loss or relocation of restriction 
sites. Digestion of DNA with restriction enzyme (RE) results in 
fragments whose number and size can vary among individuals, 
populations and species. These fragments are called as restricted 
fragments of varied length and thus "Restriction fragment length 
polymorphism". Restriction enzymes recognize specific 4, 5, 6 or 8 base 
pair nucleotide sequences and cut DNA at the specific palindromic 
recognition sequence generating thousands of fragments of defined 
length. Thus, if any recognition sequence is present at a particular 
genomic location in one individual but not in the other, the enzyme 
generates different size restriction fragments of this locus. 
Isolated DNA treated with RE, obtained fragments were resolved by 
agarose gel electrophoresis. The bands of DNA were transferred from gel 
to nylon membrane by Southern blotting. This was then treated with a 
radioactively labeled DNA probe which binds to certain specitlc DNA 
sequences on the membrane. An X-ray film placed next to the nylon 
membrane detects the radioactive pattern. This film is then de\ eloped to 
make a visible pattern of bands. 
(b) Randomly Amplified Polymorphic DNA (RAPD) 
The RAPD markers generated by the PCR, allows the examination of 
genomic variation without prior knowledge of DNA sequences. RAPD 
polymorphism occurs due to base substitution at the primer binding sites 
or to insertions or deletions (indels) in the regions between the sites 
which are randomly distributed throughout the genome. Polymorphism at 
such sites results in differing of amplification products, detected by 
presence or absence of fragments. 
In RAPD, nuclear DNA is introduced to PCR amplify along with random 
primers (forward and reverse). During PCR, DNA is first denatured and 
then amplification starts. Primers attach to various sites on both the 
complementary segments of DNA. If the primer site becomes lost due to 
base substitution, there is no amplification and thus absence of particular 
fragment and if there is insertion or deletion, large or short respective 
bands are obtained as amplification product. These fragments are 
resolved on agarose gel electrophoresis. 
Genetic variation and divergence v/ithin and between the species of 
interest are assessed by presence or absence of amplified DNA fragments. 
(c) Amplified Fragment Length Polymorphism (AFLP) 
The AFLP method provides size fragment markers from DNA of 
unknown sequence. It is based on the selective amplification of a subset 
of genomic restriction fragments using PCR. AFLP begins with the 
digestion of whole genomic DNA with restriction enzymes (most often 
EcoRI and Msel). Since sequences of the resulting restricted DNA 
fragments are unknown, double stranded DNA adaptors of known 
sequence are ligated to the ends of the DNA fragments to generate primer 
binding sites for PCR amplification (the sequence of the adaptors and the 
adjacent restriction site serve as primers binding site). This results in the 
production of millions of PCR fragments, the number of these fragments 
is reduced by adding selective nucleotides extending into the restriction 
sites, added to the 3' ends of the PCR primers such that only a subset of 
the restriction fragment is recognized. Only restriction fragments in 
which the nucleotides flanking the restriction site match the selective 
nucleotide will be amplified. Since a given DNA site can contain one of 
the four bases (A, T, G, C), adding one known base to one of the primers 
will reduce the number of amplified fragments four folds. Adding one 
base to both primers reduce the fragment population sixteen fold and 
so on. 
(d) Single Nucleotide Polymorphism (SNP) 
Single nucleotide polymorphism (SNP) is a polymorphism which arises 
by addition or deletion of a nucleotide at a particular locus i.e. point 
mutation. These mutations give rise to different alleles which are 
different from each other by a single nucleotide position. SNPs are the 
most abundant in any organism and reveal hidden polymorphism those 
are not detected by other markers and methods. 
SNP markers are most powerful for genome mapping and identification 
of genes for quantitative trait loci (QTL). The very high density of SNP in 
genome allows them to develop in a short stretch such as a single locus of 
a few hundred base pairs. The PIC value of SNP markers is not high but 
this shortcoming is balanced by their great abundance. They are inherited 
as co-dominant markers and allow identification of homologous alleles 
and score both homozygous and heterozygous alleles. 
A convenient method for detecting SNPs is RFLP (SNP-RFLP). If an 
allele contains a recognition site for a restriction enzyme while other 
allele does not, digestion of these two alleles will give rise to fragments 
of different length. Now a days SNPs are studied using microarrays. 
Microarrays allow the testing of thousands of separate SNPs and are 
screened by computer. 
C. Comparison of RFLP, RAPD and AFLP 
RFLP in conjunction to their function as markers in population studies of 
genetic linkage and QTL mapping, is utilized in the study of comparative 
genomics, genome evolution and gene identification. RFLP provides low 
level of polymorphic information in comparison to RAPD and AFLP. 
This method is time consuming, takes long time to develop and requires 
large quantity of good quality DNA to be used, while no upfront work is 
required for RAPD and AFLP, and less amount of DNA is sufficient 
which is amplified by PCR. RAPD may not be as informative as AFLP 
because fewer loci are generated with RAPD, and it is difficult to 
11 
determine whether bands represent different loci or alternative alleles of a 
single locus. 
RFLP markers are inherited in Mendelian fashion as well as they are co-
dominant type thus allow identification of homologous alleles and score 
homo- and heterozygote states while RAPD and AFLP are dominant 
markers hence not allow identification of homologous alleles but are 
inherited in Mendelian fashion. RAPD and AFLP does not require any 
previous molecular information and thus applicable to any species while 
RFLP does require prior information to design probes. One of the 
advantages of RAPDs is the ease with which a large number of loci and 
individuals can be screened by using randomly selected primers as ii is 
multilocus marker. AFLP is also a multilocus fmgerprinting technique 
and reveal include large number of polymorphism. It is more expensive 
than RAPD but because large number of loci can be anah zed from a 
single run. the cost is reduced significantly. RAPD and AFLP have low 
PIC but the more number of loci that can be scored greath increases their 
utility. RFLP is a single locus marker while RAPD and AFLP are 
multilocus markers and screen many loci in the genome. And finally the 
accuracy rate of RFLP is highest while that of the RAPD is low and 
medium for AFLP. Each approach has its advantages and limitations, but 
all are still useful for genotyping, as is evident from a large number of 
studies being done on different fish species. 
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11. LITERATURE REVIEW 
II. Literature Review 
Different methods have been employed to study population genetics of 
fishes. Earlier studies were mostly confined to isozymes. However, with 
the advent of more advanced technique on molecular biolog). the 
momentum of research got shifted to DNA markers and some of the 
earlier studies employing mitochondrial DNA soon gave way to nuclear 
DNA markers. The first approach on the nuclear DNA markers was that 
of restriction fragment length polymorphism (RFLP) which turned out to 
be a powerful tool of population genetics studies. However, this 
approach, though considerably informative, is time consuming and hence 
another method, the randomly amplified polymorphic DNA (RAPD). due 
its ease, became the method of choice. While RAPD did ha\e an 
advantage of ease of use, the quantum of information generated b\ this 
method was much less than that of RFLP. In recent years, therefore. 
another method i.e. amplified fragment length polymorphism (AFLP) has 
been extensively used by several investigators on variety offish species. 
It is, however, important to add that these methods have their merits and 
demerits and are not mutually exclusive. In the subsequent pages, attempt 
has been made to summarize literature available on these aspects. 
A. Isozyme as protein marker for population studies 
During the sixties and seventies isozymes in fish were extensively studied 
but became less popular in later years, as it reveals small amount of 
genetic variation. Seeb et al., (1999) used protein markers to discriminate 
Asian and north American populations of chum salmon in mixed stock 
fisheries and Appleyard et al., (2002) genetically characterized cultured 
tilapia. The enzyme based variation in population of scallops {Pecten 
jacobaeus) and {P. Maximus) was studied by Rios et al., (2002) similarh 
Jayasankar et al., (2004) analyzed the level of polymorphism among 
mackerel {RastrelUger kanagurta) using enzymes. In addition Cimmaruta 
et al., (2005) observed genetic structure and heterogeneit}- among 
European hake {Merluccius merluccius). The studies dealing with 
isozymes as markers have been comprehensively reviewed by Liu et al.. 
(2004) and later by Koljonen et al , (2005). 
B. Mitochondrial DNA (mtDNA) Markers 
Further development in molecular biology gave rise to molecular markers 
based on mitochondrial DNA (mtDNA). They have been extensi\ely used 
by various workers such as Daemen et al., (2001) who analyzed genetic 
structure of European eel {Anguilla) but Liu et al., (2003) revealed 
extensive cryptic diversity within western American springsnail. 
Likewise, Nakadate et al., (2005) observed genetic isolation betw een two 
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albacore {Thunnus allalunga) populations by mtDNA. Some more studies 
were summarized by Liu et al., (2004) and Magoulas, (2005) based on 
mtDNA markers. Furthermore, Artamonova, (2007) performed 
population studies of Atlantic salmon {Salmo Salar), and Chakraborty et 
al., (2007) identified species of hairtail fish fillets. 
C. Restriction Fragment Length Polymorphism (RFLP) 
RFLP markers based on nDNA start an entirely new era in molecular 
genetics. Various investigators adopt RFLP marker to re\eal many 
different target informations. Some of the initial studies were done by 
Botstein et al., (1980); Ellis, (1986). Jose, (1990) isolate and 
characterized homeobox genes from Salmo Salar and Brachydanio rerio. 
Turner et al., (1991) analyzed repetitive sequence to understand the 
structure and differentiation in population of Cyprinodon variegatus but 
He Ling et al., (1992) analyzed repeated sequences for e\olutionar\ 
relationship and assay repetitive sequences as an integration element for 
transgenic fishes. The study by Dhale, (1994) revealed that human 
derived minisatellite probes (33.6 and 33.15) produce extremel> complex 
fingerprint pattern in cod (Gadus morhua). Similarly DNA fingerprints of 
individual specific pattern were generated by Majumdar et al., (1997) in 
Lebeo rohita, Catla calta and Oreochromis mossambicus. Siraj et al.. 
(1998) generated DNA fingerprints, in sub-population of Javanese carp 
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Puntius gonionotus using human YNZ22 DNA probes. Vergara et al.. 
(1998) successfully used oligonucleotide probes for minisatellite loci and 
produced DNA fingerprinting patterns which were unique in individual 
rainbow trout. Nuclear DNA RPLP was used to detect inadvertent 
hybridization in a carp hatchery by Padhi, (1996) which is an important 
aspect of DNA fingerprinting to prevent the contamination of wild 
genome. 
Methven et al., (2000) used RFLP to identify species of fungi 
Flammulina, the same study was done by Krokene et al., (2004). they 
used PCR-RFLP in Seiridius species. Also, PCR-RFLP was used by 
Shuichi et al., (2002) to detect variants of CYP3A5 gene among Japanese 
population. Likewise, Amar et al., (2003) performed genotyping in 
Giardia duodenalis by PCR-RFLP. Comparison of historical collections 
of Chinese paddle fish with recent collections was done by Wu. (2005) to 
see the loss of genetic diversity and from this one can conclude a need in 
fisheries management to prevent this kind of loss. Kania et al.. (2007) 
used PCR-RLFP to differentiate pathogenic and non-pathogenic forms of 
Gyrodactylus salaris. The aforesaid studies revealed the extensive use of 
R F L P technique in various areas and for different approaches. These 
results encouraged various workers not to use RFLP alone but with some 
advance and modem techniques like polymerase chain reaction (PCR) 
and so PCR-RFLP. With this, it is certain that some more fascinating 
facts about genome are to be uncovered, as is seen from the mentioned 
studies. 
D. Randomly Amplified Polymorphic DNA (RAPD) 
RAPD overcomes some technical limitations of the earlier fingerprinting 
methods and has wide applications. RAPD was first developed by Welsh 
and McClelland, (1990) and Williams et al., (1990) using PCR for 
random amplification of anonymous segments of nDNA. Unique DNA 
fingerprints, to distinguish fish species using RAPD were obtained b\ 
Dinesh et al., (1993). Similarly, Bardakci, (1994) used RAPD markers to 
discriminate three widely cultivated species of tilapia and between 
several subspecies of Oreochromis niloticus. Foo et al., (1995) utilized 
RAPD to analyze the pattern of inheritance of these markers in guppy fish 
while Bagley et al., (2001) analyzed genetic impact of environmental 
stressors. 
These markers are largely used for analysis of genedc variability such as 
Bielawski et al., (1997) who observed genetic variability in Atlantic coast 
stripped bass. Similarly intra-specific genetic variation among stripped 
red mullet was assessed by Mamuris et al., (1999), in Asian arowana 
{Scleropages formosus) by Yue et al., (2002) and in eastern oyster 
{Crassostrea virginica) by Hirschfeld et al., (1999). 
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Islam, (2004) applied RAPD method to three river and one hatchery 
population of rohu (Z. rohita) to assess intra-specific genetic variation 
and relatedness among the populations but Mamuris et al., in (2005) 
analyzed genetic variation in population of the endangered fish 
Ladigesocypris ghigii. In continuation Kapila et al., (2006) used RAPD to 
assess the genetic variation and the level of similarity among snow trout. 
Later on, Sarmah et al., (2007) revealed genetic diversity based on RAPD 
among Calamus, Plectocomia, and Daemonorops. Parallel to this. 
Callejas, (1998) used RAPD for identification of Spanish barbel. Leuzzi 
et al., (2004) studied genetic structure of Astyanax altiparanae and 
Mikhailovsky et al., (2007) performed RAPD fingerprinting among 
sibling species of Drosophila virilis to see the degree of relatedness. 
It is, therefore, clear that RAPD markers have been used by man\ 
workers since it is easier than RFLP and can be done without any prior 
information of the genome. 
E. Amplified Fragment length Polymorphism (AFLP) 
Another marker which is more advance and as mentioned earlier 
overcomes the shortcomings of RFLP and RAPD is AFLP. AFLP was 
first developed by Vos et al., (1995) and have found the widest 
application in analysis of genetic variation. Jansen et al , (2006) revealed 
genetic diversity among lettuce (Lacttica sativa L.). Likewise, Naghavi et 
al., (2007) also obtained genetic variability with AFLP and compare it 
with other marker. Later, Li et al., (2007) isolated and characterized 
polymorphic microsatellite by employing AFLP in rice field eel 
(Monopterus albus). AFLP allows individual identification (O'Reilly, 
1995) while Felip et al., (2002); Young et al., (1996) relied AFLP 
markers for the analysis of gynogens and androgens. Letcher, (1999); 
Norris et al., (2000) determined strain and stock by AFLP-markers. 
Similarly, David et al., (2001) used AFLP to idenfify strains of common 
carp and Mickett et al., (2003) did the same in channel catfish. 
In other studies. Young et al., (2001) used AFLP to disfinguish rainbow 
trout, coastal cutthroat trout and their hybrids but Miggiano et al.. (2005) 
utilized AFLP as genetic tags to identify cultured gilthead seabream 
escapees. 
F. Minisatellite DNA Based Markers 
There are several studies based on minisatellite dependent DNA markers, 
to reveal different aspects of population genetics. Lloyd et al., (1989) 
revealed that BKm minisatellite sequences are not sex associated but 
show genetic polymorphism in rainbow trout whereas Taggart, (1990) 
characterized hypervariable minisatellite DNA using single locus probes 
for Atlantic salmon. Repetitive sequences have been used to study fish 
populations by Turner et al., (1991). Carter et al., (1991) assessed another 
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aspect of DNA fingerprinting, they monitor gynogenesis and 
distinguished gynogenetic individuals but Bentzen et al., (1993) described 
the sequence, extent of polymorphism and evolutionary conservation of 
minisatellite, isolated from a fish Atlantic salmon {Salmo salar). 
Similarly, Dhale, (1994) obtained multilocus DNA fingerprints of 
Atlantic cod {Gadus morhua). The genomic organization of minisatellite 
was determined by Harris, (1995) in African cichlid fish. Genetic stock 
identification of Atlantic salmon using minisatellite DNA profiles has 
been done by Galvin et al., (1995 a) while Galvin et al., (1995 b) used 
minisatellite DNA to understand population genetics of cod. Miller et al., 
(1996) identified stock of coho salmon (Oncorhynclms kisutch) using 
minisatellite DNA variation. The same study in coho salmon was done by 
Beacham et al., (1996). Majumdar et al., (1997) obtained individual 
specific DNA fingerprints in three species of fish by using Bkm 2 (8) and 
M13 probes. Similarly, Vergara et al., (1998) used oligonucleotide probes 
for minisatellite loci to obtain individual specific DNA fingerprints in 
rainbow trout, a similar study was done by Siraj et al., (1998) in Piintius 
goniotus using human YNZ22 probes. Santini et al., (2000) utilized 
minisatellite markers to see the genetic variability among Italian 
population of Ceratocystis, while minisatellite core sequences were used 
by Wasko et al., (2003) to yield species-specific pattern in fish Brycon. 
Fukuda et al., (2002) unfolded quadruplex structure of minisatellite 
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repeats and suggested that it is required for DNA synthesis process. Wu, 
(2005) compared historical collections of Chinese paddle fishes with 
recent collections to see the loss of genetic diversity. In continuation with 
this, Bonhomme et al., (2007) used minisatellite and suggested past and 
present genetic exchange among mouse. Also Artamonova, (2007) used 
different genetic markers including minisatellite in population studies of 
Atlantic salmon. 
G. Microsatellite DNA Based Marker 
Further, microsatellites proved extremely useful for DNA fingerprinting 
and many workers now uses microsatellite as a marker to study 
population genetics. Lee, (1996) used them for genetic mapping in 
Oreochromis niloticus but Waldbieser, (1997) characterized 
microsatellite loci in channel catfish and also revealed allelic 
polymorphism in populations of feral and domestic fish. Microsatellite 
gene diversity in anadromous Arctic char was evaluated by Bernatchez et 
al., (1998). The genetic diversity was also assessed by Banks et al.. 
(2000) in Chinook salmon. Nelson et al., (1998) suggested that 
microsatellite loci reveal population structure of sockeye salmon 
whereas Roques et al, (1999) evaluated the potential of multilocus 
genotype information obtained from microsatellite. Mohindra, (2001) 
evaluated primer sequences of microsatellite loci of Catla for their 
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cross species amplification in Labeo rohita and validation of these 
microsatellite as genetic markers for screening of genetic variability in 
L. rohita. Further microsatellite loci were isolated and characterized from 
the endangered bagrid catfish, Pesudobagrus ichikawai by Watanabe et 
al., (2001). The same study was also done by Zhang et al.. (2001) in poor 
cod Trisopterus minutus to show allelic variation while Takagi et al., 
(2001) used microsatellite primers to evaluate genetic variation within 
and between albacore samples {Thunnus alalunga). Coimbra et al , (2001) 
used twenty microsatellites useful for searching quantitative trait loci 
(QTL) and for population distribution approaches. Hansen, (2002) 
estimated the long term effects of stocking domesticated trout into wild 
brown trout {Salmo trutta) population using microsatellite DNA. 
Bernatchez et al., (2002) analyzed microsatellite gene di\ersit>' in land 
locked Artie char from Maine. The population of north Atlantic eels was 
screened for microsatellite variation and differentiation b\ Mank et al.. 
(2003). Later on, Bravington et al., (2004) evaluated the potential of 
microsatellite markers for estimating the proportion of hatcher> offspring 
in a stock enhancement programme, Keeler-Foster et al.. (2004) 
developed microsatellite markers in bony tail {Gila elegans) \s ith cross 
species amplification in humpback chub v '^hile Konishi et al.. (2004) 
isolated and characterized polymorphic microsatellite DNA marker in top 
mouth gudgeon {Pseudorasbora). Wilson et al., (2004) examined genetic 
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structure of Artie ehar using microsatellite. Highly polymorphic 
microsatellite loci were isolated and characterized in mangrove red 
snapper (Lutjanus argentimaculatus) by Ziiang et al., (2006) whereas 
Mackiewicz et al., (2006) generated primers for a large suite of 
microsatellite loci and then use these markers to confirm that male 
mediated out crossing can indeed occur between highly inbreed strains of 
self fertilizing mangrove kill fish. Hamill et al., (2007) compared genetic 
diversity at microsatellite loci in near extinct and non endangered species 
of Mexican goodiene fishes. 
H. Single Nucleotide Polymorphism (SNP) 
Single nucleotide polymorphism has been characterized with the 
beginning of DNA sequencing in 1977 but it was largely used during late 
1990s and onwards, after the application of genechip technology. Various 
workers since then used this genotyping method as reviewed by Vignal el 
al., (2002) and by Liu et al., (2004). SNP genotyping is still a challenging 
endeavor and requires specialized equipments. 
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III. OBJECTIVES OF THE 
STUDY 
III. Objectives of the Study 
Management of fish resources and conservation of its biodiversity 
requires detailed knowledge of genetic structure of fish population. The 
conventional morphometric, meristic, protein and biochemical markers 
such as isozymes have proved to be of limited utility and reveal only 
small number of polymorphic loci in piscine genome. The advent of DNA 
fingerprinting technology based on mini- and microsatellite related 
markers offer finer tools for quantitative genetic analyses, differentiation 
of inter- and intragenetic variation in allopatric population, phylogenetic 
kinship of related taxa and identification of genetic stock and hybrids for 
aquaculture management. 
Even though, Indian subcontinent is endowed with rich diversit)' of fish 
fauna, the documented literature on fish molecular genetics is based on 
the studies conducted in western laboratories and those on Indian fish 
fauna are few and mostly confined to isozyme and mtDNA analysis. The 
situation is further aggravated due to alarming decline in genetic 
biodiversity of Indian fish fauna caused by anthropogenic stresses, 
increased inbreeding and genetic drift leading to an undesirable genetic 
homogenization. Thus a detailed knowledge of genetic structure of 
commercially important fishes inhabiting Indian waters is the first step 
for the effective management of fish resources and conservation of 
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biodiversity of the gene pool. The air breathing catfish, Meteropneustes 
fossilis is a highly relished food fish and constitutes an important 
component of capture and culture fishery in India. In view of this, we 
propose to undertake molecular characterization of catfish, 
Heteropneustes fossilis genome to uncover intra-species DNA sequence 
diversity employing analysis of VNTR loci of catfish genome using 
minisatellite based synthetic oligonucleotide probes. 
In the present study, it is proposed to carry out the following objectives: 
1. Assessment of intraspecific genetic variability in the catfish by DNA 
fingerprinting employing Southern blot hybridization. 
2. To undertake restriction survey of the catfish genome for identification 
of individual repeat loci. 
3. Analysis of evolutionary conserved sequences in the cattish genome 
and to assess phylogenetic relationship among them. 
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IV. MATERIAL AND 
METHODS 
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IV. Material and Methods 
A. Maintenance and Care of Catfish 
(OTaxonomic Status of the catfish, H.fossUis 
Class - Pisces 
Subclass 
Order 
Family 
Genus 
Species 
Osticthyes 
Siluriformes 
Heteropneustidae 
Heteropnenstes 
fossilis 
(ii) Collection and Care offish 
Adult fish (//. fossilis) specimens were collected from the local t'lsh 
market of Aligarh and kept in glass aquaria (23x10x12 inch) tilled with 
fresh tap water. Fish were acclimated to laboratory conditions for about 
15 days before initiation of experiments. They were fed ad libitum during 
this period and the water of the aquaria was renewed daily with tap water. 
(iii) Blood Collection 
With the help of glass heparinised syringe, 2 ml of blood was collected 
from healthy specimens of both sexes by puncturing caudal artery and the 
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blood was directly transferred into the Falcon tube containing 18 ml of 
lysis buffer (ratio 1:9) (appendix-I) and kept in ice till use. 
B. Isolation and Quantification of genomic DNA 
(i) Isolation of DNA 
The blood with lysis buffer was centrifuged at 6000 rpm for 15 min at 
4°C, supernatant was discarded and pellet thus formed was suspended in 
5 ml nuclease buffer (appendix I) and 100 [A of 10% SDS (appendix I) 
and was mixed by vortex mixer. To this lOfil of proteinase K 
(20 mg/ml) (Appendix-I) was added, mixed thoroughly and kept at 37"C 
for overnight incubation in a shaking water bath. To this mixture, 6 ml of 
Tris saturated phenol was added and shaken gently, followed by the 
addition of 6 ml of chloroform: Isoamyl alcohol (24:1). It was mixed 
gently and centriiliged at 6000 rpm for 15 min. and then same steps were 
repeated until the clear aqueous phase obtained. To this finally separated 
aqueous phase. 1/10 volume of 3 M Na- acetate of total aqueous phase 
was added and mixed gently. Finally, twice the volume of chilled distilled 
ethanol was added which results in the appearance of white woolly 
structures. It was taken out like a spool with the help of 1 ml tip into an 
ependorff tube, washed with 70% ethanol, air-dried and reconstituted 
immediately in 1ml TE (10:1) buffer (appendix I). 
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(ii) Quantification and assessment of quality of DNA 
The quality and quantity assessment of extracted DNA was done by 
ultraviolet absorbance spectrophotometry at 260 nm at which wave length 
an absorbance (A260) of 1-0 corresponds to 50 mg of double stranded 
DNA per ml. The 260/280 ratio gives the idea of purity of DNA from 
protein contamination and 1.2 to 1.8 ratio is considered to be of 
acceptable quality. In order to assess the integrity of DNA 2.3 \x\ is 
loaded on 1% agarose minigel. The intact blob like band indicates 
unsheared DNA whereas the smeary pattern shows that the DNA 
molecule has disintegrated. 
C. Restriction digestion 
(i) Digestion 
Generally, 7|j,g of DNA of each tlsh was digested with different 
restriction enzymes (RE) at the rate of 3 units of RE/|ig of DNA. For each 
enzyme a megamix containing appropriate volume of RE (21 units of 
each RE), NEB buffer (appendix II) and made up vv'ith DDW to a final 
volume of 20}il after taking into account the volume containing 7,ug of 
DNA. All contents of each tube were mixed properly and incubated at 
37 C for overnight (nearly 17 hours). 
28 
(ii) Termination of digestion 
After about 17 hours incubation, tubes were given a siiort spin in a 
microfuge to settle the content at the bottom and then 0.5 |J.1 of 0.5M 
EDTA (appendix I) and 2.5 |il of loading dye (appendix II) were added 
into each tube. It was then, heated for 5 min at 65''C and quenched in ice. 
It was then brought to room temperature prior to loading on to the gel. 
(D) Electrophoresis 
The digested DNA samples were electrophoresed in 1% agarose gel 
dissolved in 0.5x TBE (pH 8.3) (appendix II), the same buffer was used 
in the electrophoretic tank. The gel slab was submerged in TBE buffer 
and the DNA samples were loaded into the each well. Marker HindlU 
digested A, DNA was loaded in the first well for estimating the fragment 
size (marker DNA contains six bands of 23, 9, 6. 4, 2.3 and 2 kb in size). 
Electrophoresis was initiated with 80 volts for 1 hour followed by 45 
volts for 4 hours and finally at 40 volts for 16 hours. Dye Front served as 
the indicator of migration of the loaded samples on the gel. 
E. Southern transfer and Hybridization of membrane 
(i) Southern Transfer of DNA 
In this, first the DNA in the gel was depurinated with 2.5% HCl for 15 
min at room temperature followed by denaturation in 0.5N NaOH for 30 
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min at room temperature and finally neutralized it with 3M sodium 
acetate (pH 5.4) (appendix II) for 30 min. Three (1mm) whatman filter 
papers (twice the length of gel) and six 3mm filter papers (exactly of gel 
size) were cut. Then two borosil glass trays were kept 6 inch apart from 
each other and a glass plate was put in such a way that it overhangs both 
the trays. All the three filter papers of 1mm as mentioned above, were 
wetted in 20x SSC (appendix II). These filter papers were put one over 
another in such a way that their ends remain dipped in both the trays. All 
the air bubbles were removed form these filter papers. After this the gel 
was put on the filter paper and the membrane wetted in 20x SSC was put 
over the gel. The whole assembly vt^ as nov^ ' covered with saran wrap and 
it was cut out of the exact size of nylon membrane, as the saran wrap 
prevents the evaporation of SSC during prolonged period of the transfer. 
After this, six (3mm) filter papers wetted in 20x SSC were kept over the 
nylon membrane one by one and with the gentle rolling of pipette over 
the filter sheets to remove the air bubbles. A thick pack (about 8 inch 
thick) of rough blotting sheets was put over filter sheets (3mm). Now on 
the pack of the blotting sheets, a glass plate was placed and 500 gms of 
weight was kept over the glass plate and the whole assembly was left for 
18 hours. 
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(ii) Termination 
The filter sheets were removed carefully and with the help of forcep, the 
nylon membrane was picked up, rinsed twice in 2x SSC (appendix II). 
Then it was placed on 3mm filter sheets in such a way that DNA side 
remains up (the side which was in contact with gel) and after this the 
DNA was fixed in UV crosslinker (Stratagene, model no. 2400) at 254nm 
wavelength. 
(iii) Kination of probe 
One [i\ of kinase buffer (appendix II), 10 pmol of the required probe (as 
we have taken GATA 18 and GATA 24), and 1 \i\ of polynucleotide 
kinase and appropriate volume of autoclaved H2O were added into the 
eppendorff tube, 10 |J,1 of total volume was made and spun for a short 
time. Four jil of '^ P^ was added into the ependorff tube which was kept 
inside the hood at S T V for 1 hour. Termination of kination was done by 
adding 100 f.il of 10:1 TE (pH 8.0). DE 52 was mixed with overlying 
buffer and 500 \x\ of the slurry was added in a plastic Biorad column upto 
0.2 mark on the column. The residue was washed thrice with 1 ml of TE 
(10:1) and elute was discarded. The residue was again washed 1 ml x 3 
times of 0.2M NaCl in TE and elute was discarded. Once again the 
residue was washed with 1 ml, IM NaCl in TE (10:1) and elute 
containmg "P labeled probes was collected in a stoppered tube. The 
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counts of probes 18,000-cpm/)al for GATA 18 and 18,286-cpm/|il for 
GATA 24 were obtained by applying the formula, OD of the probe at 
260 nm/extinction coefficient. 
(iv) Hybridization of the membrane 
Hybridization buffer (appendix-II) was heated up to 40^0 until it becomes 
clear (-40 min). The membrane, in the bottle having Ix SSC, was boiled 
for 5 min at lOO^C and rinsed by Ix SSC at room temperature then the 
filter was transferred into another bottle. Through 0.45 millipore. 10 ml of 
hybridization fluid was filtered and added into the bottle containing 
membrane and it was kept at 40°C. Now the bottle was kept at 55"C in 
incubator and 75 pi of double distilled water was added into the probe, 
then it was centrifuged for few seconds. The probe was locked and heated 
at lOO^C for 5 min in hot dry bath followed by quenching in ice for 
3 min, tapped it by finger and centrifuged for few seconds. Then about 
half of the hybridization fluid was discarded and required quantity of the 
labeled probe, as 555 pi for GATA-18, total counts 10 million cpm and 
500 pi for GATA-24, total counts 10 million cpm, were added into bottle 
containing membrane, avoiding air bubbles and the bottle was rotated 
into the hybridization oven for 16 hours. 
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(v) Washing of the membrane 
After hybridization, the membranes were washed in 2x SSC with 0.1% 
SDS (appendix II) at room temperature for 20 min and after washing 
radioactivity was monitored, 2x SSC was discarded in ''"P disposal can 
and 200 ml pre-warmed Ix SSC with 0.1% SDS was added. The 
membrane was turned upside down many times, and counts were 
monitored. It was then kept for one hour at 55*^ C water bath. The used Ix 
SSC was discarded into container (the same step was repeated). 
F. Autoradiography 
For permanent record the autoradiography was done by tlxing the 
membrane on the X-ray film, the cassette (14"X17") was selected with 
two intensifying screens. Appropriate size X-ray film was kept on ihe 
membrane, and then intensifying screens were placed over this. Ihe 
cassette was marked, covered by polythene and kept at 
-80V ultra-freezer for 24 hours. After the required duration of exposure, 
the cassette was taken out from ultra freezer and brought to room 
temperature, the X-ray film removed from cassette and dipped in 
developer solution (appendix II) for 2-3 min, washed thoroughly, and 
fixed with Fixer solution of 8-10 min, washed again thoroughly in 
running tap v '^ater and air-dried. 
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G. Statistical Analysis 
For statistical analysis, the bands deduced directly from the auto-
radiograms were used to calculate the following parameters: 
(i) 'X' is mean probability that fragment (bands) present in one 
individual is also present in another. The value of X was calculated by 
taking the average of the similarity coefficients of respective 
autoradiograms obtained by enzyme-probe combination. 
(ii) 'Q' indicates the mean allele frequency of minisatellite fragments 
i.e., the proportion of alleles in a particular population value was obtained 
by the following equation: 
X = 2Q - Q^ 
when simplified it gives 
Q = l ± V l - X 
where 'X' is mean Probability 
(iii) 'H ' is the heterozygosity which signifies as to how much the 
individuals are genetically dissimilar from each other. Its value was 
calculated by the formula: 
H= 1-Q 
where 'Q' is mean allele frequency 
(iv) 'M' is the mean of the total number of bands obtained through the 
autoradiograms, and scored as, binary codes for the T for presence and 
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'0 ' for absence of a specific restriction fragment. It was calculated by the 
following formula: 
Total number of bands 
Total number of individuals (fish) 
(v) 'P' is probability that the fingerprints of unrelated individuals are 
identical, also called Band sharing probability (BSP), was calculated by: 
P or ESP = (X)'^ 
Where 'X' is mean Probability and 'M' is mean Number of total bands 
(vi) Cluster Analysis is to determine the degree of genetic relatedness 
among different individuals of the catfish. Cluster analysis of the data 
obtained from the autoradiograms of genomic DNA digested with 
enzyme Haelll and Hinfl, hybridized with GATA 24 and Hintl and Alul 
hybridized with GATA 18, was carried out using sequential 
agglomerative, hierarchical and nested (SAHN) clustering method in the 
NTSYS-pc (version 2.10) programme (Rohlf, 2000). Autoradiograms 
were scored as binary codes for the presence T and absence "0" of a 
specific restriction fragment in the OTU's (Operational Taxonomic 
Units). From the data matrix, a similarity matrix (Dice coefficient) (Dice, 
1945) which calculates similarity as: 
Sij = (2a) / (2a+b+c) 
(where Sy is the similarity between two individuals i and j . a is the 
number of bands present in both i and j , b is the number of bands present 
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in i and absent in j , c is the number of bands present in j and absent in i) 
and subsequently a phenogram via the UPGMA (Unweighted Pair Group 
Method with Arithmetic Mean) was generated to determine the genetic 
relationship among different fish individuals. 
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FLOW CHART OF DNA FINGERPRINTING IN CATFISH, H.fossilis 
Assessment of DNA 
quality and quantity by 
Spectrophotometery and 
Agarose iVlini Gel 
Electroohoresis 
DNA source; Fish Blood 
DNA isolation using 
Proteinase K digestion, 
phenol chlorofonn extraction 
and ethanol precipitation 
Digestion of DNA with 
restriction enzyme 
Agarose gel electrophoresis 
of restriction fragments 
Transfer of denatured DNA 
fragments to nylon 
membrane by Southern 
transfer 
Fixation of transferred DNA 
fragments on to the 
membrane 
Kination of probes 
Hybridization of membrane 
bound DNA fragments with 
labelled probes 
Post-hybridization washing 
with SSC 
Detection of hybridized 
target fragments by 
autoradiography 
Termination of Digestion 
Treatment of Agarose gel 
before transfer of fragments 
RFLP Fingerprints 
Permanent record 
V. RESULTS 
V. Results 
A. Analysis of band pattern based on enzyme/probe 
Combinations 
In the present study, five different probes based on GACA and GATA 
repeat motifs used against restriction digested genomic DNA revealed 
varying hybridization patterns ranging from smeary signals to distinct 
polymorphism (Figure 1, 2 & 3) with different enzyme/probe 
combinations (Table I). With GATA 24, Haelll and Hinfl showed 
maximum number of resolvable bands in the range of 2-6 Kb and 2-9 Kb. 
Smaller stretch of GACA motif, OAT24 used against Hinfl, digested 
DNA revealed faint bands against heavy smear. With the oligoprobe 
based on GATA repeat motifs GATA 18, Alul and Hinfl revealed distinct 
polymorphic band pattern in the range of 3-22 Kb and 2-9 Kb. One more 
repeat motif GACA 36 in combination with Haelll exhibited smudgy 
bands which were not scorable. However, oligo probe OAT 15 failed to 
reveal any meaningful hybridization profile with Hinfl and ga\'e smeary 
pattern. 
The above mentioned minisatellite probes (GATA 24, GATA 18) and 
enzymes (HaelH, Hinfl, Alul) produce extremely complex pattern which 
were highly individual specific. But there is no sex-specific or species 
specific hybridization pattern with any of the enzyme-probe 
combinations. 
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B. Analysis of different parameters based on Heterogeneity 
among individuals 
On the basis of various values obtained by statistical analysis, the 
different parameters observed in the present study are mean probability 
i.e. a fragment present in one individual is matched by a fragment of 
identical mobility in a second individual which is denoted by (X), mean 
allele frequency of minisatellite fragments (Q), heterozygosity (H), 
probability that the fingerprints of two unrelated individuals are identical 
(P) or band sharing probability (BSP) and the level of heterogeneity 
among different individuals (H) are summarized in Table II. 
(i) Haelll-GATA 24: The catfish DNA digested with Haelll and 
probed with GATA 24 yielded resolvable bands ranging from 10-21 with 
mean 16.57, mean probability (X) 0.280, mean allele frequency (Q) was 
0.151. The heterozygosity measured was 85% together with band sharing 
probability i.e. BSP 6.9x10"" .^ 
(ii) Hinfl-GATA 18: The second pair enzyme-probe i.e. Hinfl with 
GATA 18 gave resolvable bands ranging from 7-15 with mean 12.21 and 
mean probability (X) 0.310. The mean allele frequency obtained was 
0.169 with 84% heterozygosity and 6.1x10"^, band sharing probability. 
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(iii) Hinfl-GATA 24: The combination of Hinfl with GATA 24 showed 
resolvable bands ranging from 8-15 with mean probability (X) 0.271 and 
mean allele frequency (Q) 0.146. The level of heterozygosity was 86% 
and had low band sharing probability i.e. 9.06x10" . 
(iv) AIuI-GATA 18: The number of resolvable bands in the DNA 
samples digested with Alul and hybridized with GATA 18 was 6-21, with 
mean 13.64, the value of (X) was 0.165 and that of Q was 0.086. The 
degree of heterozygosity was high i.e. 92% with low BSP, 2.1x10" . 
From the above mentioned values, it is clear that all the four enzyme 
probe combinations gave considerable heterozygosity with low band 
sharing probability among different individuals oi H. fossilis. Among the 
used enzyme probes Alul with GATA 18 revealed the maximum 
heterozygosity (92%) while Hinfl with GATA 18 gave minimum 
heterozygosity (84%) (Table II). The polymorphic information content 
(PIC) which is indicated by BSP is lowest for AluI/GATA 18 (PIC, 
2.1x10" ) and showed an increasing trend in Haelll and Hinfl 
with GATA 24, showing highest value for Hinfl with GATA 18 
(PIC, 6.1x10"^) (Table I). The low value of band sharing probability 
(BSP) has resulted in low level of homozygosity and thus more genetic 
variability among the individuals of H. fossilis. 
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C. Analysis of phylogenetic trees 
Cluster analysis of the catfish, H.fossilis was done by comparing two fish 
individuals and then the cluster was compared to the third fish and thus a 
high degree of unrelatedness among various individual have been 
revealed. The values on the trees (Figure 4, 5, 6 & 7) revealed the 
distance among fish individuals. Indicating increased level of 
heterogeneity in the gene pool. 
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Figure-1: DNA fingerprinting of Indian catfish, H. fossilis (Bloch) obtained 
by Southern blot hybridization of genomic DNA digested with 
Haelll and hybridized with GATA-24 probes. Lanes 1-7 represent 
female and 8-14 male catfish DNA samples respectively. M is 
molecular size marker in kb. 
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Figure-2: DNA fingerprinting of Indian catfish, H. fossilis (Bloch) obtained 
by Southern blot hybridization of genomic DNA digested with 
Hinfl and hybridized with GATA-18 probes. Lanes 1-7 represent 
female and 8-14 male catfish DNA samples respectively. M is 
molecular size marker in kb. 
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Figure-3: DNA fingerprinting of Indian catfish, H. fossilis (Bloch) 
obtained by Southern blot hybridization of genomic DNA 
digested with Hinfl and hybridized with GATA 24 probes. Lanes 
1-7 represent female and 8-14 male catfish DNA samples 
respectively. M is molecular size marker in kb. 
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Figure 4: Cluster analysis based on random genomic DNA profile of catfish, 
H. fossilis (Bloch) with GATA-24/HaeIII probe/enzyme 
combination using UPGMA clustering method. Different numbers 
on the clustering tree indicate the individual fish DNA samples. 
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Figiire-4: Cluster analysis of catfish DNA profile with GATA 24/HaeIII 
Figure 5: Cluster analysis based on random genomic DNA profile of 
catfish, H. fos si lis (Bloch) with GATA-18/HinfI probe/enzyme 
combination using UPGMA clustering method. Different numbers 
on the clustering tree indicate the individual fish DNA samples. 
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Figure-5: Cluster analysis of catfish DNA profile with GATA 18/Hinf 
Figure 6: Cluster analysis based on random genomic DNA profile of 
catfish, H.fossilis (Bloch) with GATA-24/Hinf[ probe/enzyme 
combination using UPGMA clustering method. Different numbers 
on the clustering tree indicate the individual fish DNA samples. 
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Figure-6: Cluster analysis of catfish DNA profile with GATA 24/Hinfl 
Figure 7: Cluster analysis based on random genomic DNA profile of 
catfish, H. fossHis (Bloch) with GATA-18/AluI probe/enzyme 
combination using UPGMA clustering method. Different numbers 
on the clustering tree indicate the individual fish DNA samples. 
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Figure-7: Cluster analysis of catfish DNA profile with GATA 18/AIiiI 
VI. DISCUSSION 
VI. Discussion 
In a study pertaining to DNA fingerprinting (DNAFP), one of the 
important prerequisites is to employ suitable probe to yield individual 
specific polymorphic pattern to reveal genetic variability of the genome. 
In multilocus fingerprinting length variation can be surveyed at many 
VNTR loci simultaneously. Due to the large number of these loci on 
DNA, the profile of bands (the so called fingerprints) is highly 
informative. Numerous probes are available that hybridize to different 
VNTR loci possessing similar repeat unit sequences. The random 
distribution and overall abundance of these short repeat motifs (VNTR) in 
higher eukaryotes has made it possible to use these motifs as probes to 
explore the genome. These repeats provide insight into the variation and 
genetic structure of natural and cultured fish population. 
A. Genetic variability and Polymorphic Information 
Content (PIC) of different individuals of catfish genome 
Several enzymes used in fish DNA fingerprinting, Haelll, Hintl and Alul 
in combination with different probes have yielded informative patterns. 
Therefore, for each fish species, appropriate enzyme-probe combination 
needs to be empirically worked out. The synthetic deoxyribonucleotide 
specific to repeat motifs has been advocated for its use as probe 
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(AH et al., 1986; Kaemmer et al., 1992). This approach has the inherent 
advantage since the length and sequence complexities of such probes can 
be easily adjusted to one's requirement. In most of the studies dealing 
with fish DNA fingerprinting, Jeffrey's multilocus probes of human 
origin, 33.6 and 33.15 have been successfully used in Atlantic salmon 
{Salmo salar) (Taggart et al., 1990), filapia {Oreochromis niloticus) 
(Harris et al., 1991). Dhale (1994) revealed that both the probes when 
cross hybridized to Atlantic cod {Gadus morhua) DNA digests produce 
extremely complex fingerprinting patterns. The large number of 
fragments resolved and low level of band sharing indicate highly 
individual specific band pattern even among closely related individuals. 
For cod DNA digested with Haelll and probed with one of the Jeffery"s 
probes, the heterozygosity averaged 94%, which is about the same as 
found in humans (Jeffery, 1985) in brown trout, Atlantic salmon (Taggart 
et al., 1990) and in dogs and cats (Jeffery et al., 1987). 
Another extensively used probe known to produce informative pattern in 
fish DNAFP is bacteriophage Ml3 in rainbow trout (Oncorhynchus keta), 
coho salmon {Oncorhynchus kisutch), Atlantic salmon {Slamo salar) 
(Fields et al., 1989). John et al., (1996) used a set of synthetic 
oligodeoxyribonucleotide (oligo) probes (TGG)^, (GGATj4 and (GACA)^. 
to analyze the VNTR loci in the genomes of Oncorhynchus mykiss. 
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Oreochromis mossambicus, Oreochromis niloticiis. Among these 
oligoprobes and enzymes (Alul, Haelll and Hinfl) used, the OAT 
18/HaeIII combination was found to be most informative for detecting 
DNA fingerprinting in rainbow trout. Vergara et al., (1998) used Haelll 
and Hinfl enzymes with (GATA)4 and (GGAT)4 probes which generate 
highly informative multilocus DNA fingerprints in rainbow trout. Other 
notable studies on this aspect were those of Beheregaray et al., (2000) in 
Odontesthes argentinensis and O. perugiae and Wantanbe et al., (2001) 
in bagrid catfish {Pseudobagrus ichikawai). Likewise Keeler-Foster et al., 
(2004) in Gila elegans; Wu (2005) in Chinese Paddle fish (Psephurus 
gladius Martens) and Tong et al., (2006) in Hiicho taimen (Pallas) 
The present study shows that GATA 18 probe in combination with Alul 
and Hinfl and GATA 24 in combination with Haelfl and Hinfl were most 
informative in the DNA fingerprinting of catfish H. fossilis. The other 
probes OAT 24 and OAT 15 with Hnif I enzymes gave only smeary 
signals while combination of OAT 36 with Haelfl reveal smudgy bands 
which were not scorable. This shows that GATA 18 and GATA 24 
probes were more informative than OAT 36 and suggests that shorter 
stretches are in VNTR fashion in the catfish genome. It is possible that 
during the course of evolution, 36 base long stretches of these sequences 
remained relatively silent in some higher eukaryotic species including 
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cow and buffalo, thus the allelic variation could not occur This explains 
why in cattle and buffalo monomorphic instead of polymorphic bands are 
seen(Ali, 1993). 
In this study, DNA fraction ranged from 2-6 Kb and 2-9 Kb with Haelll 
and Hinfl respectively in combination with GATA 24, 2-9 Kb with Hinfl 
in combination with GATA 18 and 3-22 Kb with Alul/GATA 18. The 
pattern is similar to that observed in rainbow trout (Fields et al., 1989) but 
spreads much wider compared to cod wherein very few fragments larger 
than 9 Kb were obtained (Dhale, 1994). Majumdar et al., (1997) used 
Hinfl and TaqI enzymes to digest genomic DNA of Labeo rohita and 
Catla catla, probed with Bkm2 (8) and obtained band ranging from 
2-20 Kb but many of the bands were in close proximity. Simultaneously 
with Ml3 probe, Hinfl digested DNA samples of L. rohita and C. catla 
gave bands in the size range of 2-4 Kb. In this study, the heteroz\gosity 
with Alul digested DNA and probed with GATA 18 is 92%. which is 
comparable with that of humans (Jeffery et al., 1985), brown trout 
(Taggart et al., 1990) and cod (Dhale, 1994). Also Keeler-Foster et al., 
(2004) showed that in Gila elegans (bony tail) maximum heteroz\gosity 
observed was 96% with BstUI/(GATT)3, (GATA)4 enzyme probe 
combination. 
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Interestingly, the DNA of the same set of individuals, digested with Hinfl 
and probed with GATA 18 and GATA 24 yielded only 84% and 86% 
heterozygosity and same results were obtained with Haelll digested and 
probed with GATA 24 giving 85% heterozygosity which is nearly similar 
to that reported for Atlantic salmon (Taggart et al., 1990). Also, 
O'Connell et al., (1998) revealed 89% heterozygosity in Pacific herring 
{Clupea pallasi) and Watanabe et al., (2001) used Alul, Haelll and Rsal 
enzymes with mixture of 6 probes (TC)io, (TG)io, (CAC)5 CA, CT 
(CCT)5, CT(ATCT)6 and (TGTA)6TG and obtained maximum 
heterozygosity (82%) among bagrid catfish {Psuedobagrus ichikawai). 
Likewise, among mangrove red snapper {Lutjanus argentimaculatus), 
Ziiang et al., (2006) used EcoRI and Msel and obtained considerable 
heterozygosity i.e., 78% while Beacham et al., (1996) used Haelll in 
combination with pSsa-A34 and obtained an average of 71% 
heterozygosity. Wei et al., (2006) suggested that genetic diversity for the 
Monopterus albus populations was not rich enough (33%) though some 
populations possess a high percentage of polymorphic loci (>80%). While 
Jayasankar et al., (2004) analyzed genetic diversity among three 
populations of Indian mackerel Rasthlliger kanagurta, the percentage of 
polymorphism in the population was 80%, 76% and 57%, the genetic 
similarity among populations was 0.739, 0.735 and 0.744, which showed 
that no significant differences were present among three populations. 
Aavi* Azad / , r > ^ 
In contrast, Hamill et al., (2007) obtained different levels of 
heterozygosity among Goodeine fishes, i.e. in Xenotoca melanosoma, it 
ranged from 35-75%, in Characodon lateralis 35-82%, in Xenophorus 
captivus and Ilyodon whitei it was low i.e., 43% and 45% respectively 
while Ameca splendens displayed moderate genetic diversit}. The high 
levels of heterozygosity coupled with low band sharing indices among 
different individuals of the same species suggest an extremely 
heterozygous nature of the catfish population, which is substantiated by 
our cluster analysis studies. 
The band sharing probability (BSP) was minimum with Alul GATA 18 
i.e. 2.1 X 10"" and maximum with Hinfl/GATA 18 v/hich showed the 
degree of band sharing among individuals and usefulness of enzyme-
probe combination. These results can be compared with those obtained in 
the study of John et al., (1996) where Haelll/OMS I gave polymorphic 
pattern with BSP 8.15 x 10"^  in O. niloticus. The probe OAT 24 with 
Hinfl and Haelll did not give scorable pattern while OAT 18/HaelII 
yielded polymorphic band pattern with BSP 2.14 X lO'l Siraj et al., 
(1998) used HaeIII/YNZ22 enzymes-probe combination and obtained 
high level of band sharing (0.620) which suggests low variabilit>' between 
individuals in P. gonionotus. Wu, (2005) used Hinfl enz>mes with 
oligonucleotide probe (5-AGA GGT GGG GAG GAG AGG TGG GCA 
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GGT-3') to show the loss of genetic diversity among Chinese paddle fish 
{Psephurus gladius Martens) and yielded increased band sharing 
coefficient and allele frequency i.e. 0.175 to 0.203 and 0.092 to 0.107 
respectively. Similarly, Tong et al., (2006) used sauBI to digest the 
genomic DNA, probed with (ACA)i6 and obtained heterozygosity ranging 
from 32 to 74% and PIC ranging from 0.3047 to 0.6896 in an endangered 
fish Hucho taimen (Pallas). As indicated from the aforesaid studies that 
high BSP value accompanies more genetic similarity present among 
individuals. Likewise, less band sharing probability encourages more 
genetic variability. The less heterozygosity due to high BSP may be the 
consequence of inbreeding (which may be due to improper fisheries 
practices) and result in genetic similarity. Inbreeding results in the 
assemblage of genes derived from a common ancestor and hence there is 
shrinkage of gene pool, which brings about complete eliminations, of 
dominant genes and causes genetic drift, i.e. a gene with little or no 
adaptive value may be fixed in a population replacing its allele, which has 
a higher adaptive value. As most of the deleterious combinations are 
associated with recessive alleles which are relatively small in number in 
large and random mating populations and in higher frequency among 
homozygotes in the inbreeding populations. This genetic homogenization 
tends to increase the probability of band sharing among individuals. 
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Thus, it seems that considerable genetic variabiHty is revealed by 
variously employed enzymes-probe combination among catfish 
H. fossilis, which is evident from individual specific polymorphic band 
pattern. Beheregaray et al., (2000) used Haelll, EcoRV and Alul to reveal 
high level of polymophism and heterozygosity in Odontesthes 
argentinensis and O. perugiae. Mackiewicz et al., (2006) reported that 
mangrove killifish {Kryptolebias marmoratus) (vertebrate reproduce 
uniparentally by internal self fertilization) males can indeed outcross 
successfully and produce highly heterozygous and fertile offspring. Wang 
et al., (2000) detected genetic variability in two stocks of common carp 
(Cyprinus carpio L.). The results showed that there is a homogeneity in 
one stock while heterozygosity in the other on the basis of band sharing 
index. Appleyard et al., (2002) revealed genetic diversity u ithin the 
tilapia stocks {O. niloticus and O. mossambicus) and no significant 
overall heterogeneity was detected. Mamuris et al., (2005) revealed 
extremely low level of intra- population polymorphism among 
Ladigesocypris ghigii which may be due to bottle neck effect (shrinkage 
and expansion of the population). It must be mentioned that higher level 
of heterozygosity is indicative of hardiness of the population as the 
individuals are more adaptable for unfavourable conditions. The loss of 
variability in DNA fingerprints between populations of fish species may 
be the result of inbreeding, pollution load or anthropogenic factors which 
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result in genetic homogenization. More heterozygous individuals grow, 
survive and reproduce better than those of homozygous ones as the 
increase of fitness with heterozygosity could also reflect reduced 
homozygosity because of the masking of deleterious recessive mutation. 
B. Evolutionary conservation of repeat loci 
The present 5'GATA 3' and 5'GACA 3' are quadruplet repeats isolated 
from the satellite DNA of female snake (Singh et al., 1980; Epplen et al . 
1982). Further, these sequences were reported to be e\olutionar\ 
conserved and widely distributed from yeast to man and were found to 
reveal polymorphism against restriction digested DNA (Singh et al.. 
1986; Epplen, 1988). (GATA)n, sequences are the most frequent among 
tetranucleotide repeats in the entire rice genome (Panaud, 1995). Their 
abundance in the genome contributes to their usefulness in the genome 
analysis and the conservation of these sequences among species is 
indication of their functional significance. In rice (Oryza saliva), about 
50% of the genome consists of repetitive DNA sequences (Deshpande et 
al., 1980) with approximately 5,700 to 10,000 Simple Sequence Repeats 
(SSRs) (McCouch et al., 1997). Epplen, (1992) has shown that 
oligonucleotide based on GATA or GACA motifs are most frequentK 
used for fingerprinting plant genomes, as (GATA)4 is important in 
fingerprinting culfivars of pearl millet (Chowdari et al., 1998). These loci 
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are not only useful in closely related genomes with a narrow genetic base 
but can also be used in cross species and cross genus amplification as 
they are found to be conserved in different individuals (Davierwala et al., 
2001). Levinson et al., (1985) suggested that these repeats may have 
arisen by slipped strand mispairing of the two strands of DNA. Since 
formation of new repeats by this mechanism should be accelerating 
process, it is possible that occurrence of long stretches of GATA and 
GACA repeats is simply the result of a rate of accumulation that exceeds 
other mutations in those regions. However, they fail to support the 
existence of evolutionary conservation between these simple repetitive 
sequences as these repeats may have arisen independently, and the 
homogeneity and length of particular tandem repeat clusters could be the 
result of natural selection. According to Sabarinadh et al., (2003) these 
elements are component of a novel mechanism common to all \ertebrates 
and suggest that such strongly conserved region from fish to human is 
linked to a gene that is known to determine body axis formation which 
may be the key determinant of molecular basis of early ontogeny. The 
clustered distribution of these regions along chromosome and around 
genes shows that gene regulation involves the action of numerous widely 
dispersed elements (Sandelin et al., 2004). Herbinger et al., (2006) used 
GATA/GACA repeats to show genetic dissimilarities among tvvo 
populations of black-lipped pearl oyster, Pinctada margaritifera. 
60 
Similarly, Korchagin et al., (2007) used (GATA)n, repeat motifs to reveal 
genetic diversity and assessed the intra specific polymorphism among 
parthenogenetic lizards Darevsika unisexualis. Likewise Freeling et al., 
(2007) suggested that tetraploidy events in Arabidopsis left numerous 
homoeologous regions generated particular genes called Bigfoot genes 
located in conserved non-coding sequences. These genes were found to 
be over presented for genes encoding transcription factor that respond to 
environmental signals and suggest that Bigfoot genes may have a 
particular function in plant adaptation to environmental change. 
In the present study, we also obtained highly polymorphic band pattern 
with GATA probes, which shows the presence of these repeat motifs in 
large amount. The GATA-GACA minisatellite sequences have been 
detected in many eukaryotes and are sex linked in many of the species 
(Jones et al., 1985). The GATA repeat motifs have been hybridized 
successfully with sex chromosome of evolutionary separated species, like 
W chromosome of birds (Jones et al., 1985), X chromosome of D. 
melanogaster (Singh et al., 1981) and Y chromosome of mouse (Eppien 
et al., 1982; Jones et al., 1982). They are usually more interspersed on the 
sex chromosome but also occur on the autosomes (Jones, 1983). These 
sequences are found to hybridize only to autosomes of moth having well 
differentiated sex chromosomes (Traut, 1987). In addition, these 
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conserved sequences have also been found in rodents and man (by 
hybridization w i^th conventional clones or with synthetic probes) (Nanda 
et al., 1988; Vogel., 1988). Parasnis et al., (1999) used (GATA)4 motifs to 
detect sex specific differences in papaya. 
It was found in subsequent studies that these repeats are arranged sex-
specifically in males of a species with male heterogamety. This led 
immediately to extensive speculation on the relevance of these loci for 
sex determination in the heterogametic sex (Singh et al., 1981; Chandra, 
1985). To validate such speculation it is necessary to ascertain whether 
there is a linkage of GATA-GACA repeats to the heterogametic sex 
chromosomes i.e. a specific accumulation of a special arrangement of 
these sequences on the sex chromosomes. The sex chromosomal 
distribution of GATA-GACA sequences will therefore be conser\'ed from 
lower vertebrates to humans. According to subramanian et al.. (2003), 
GATA repeat are absent in prokaryotes and have gradually accumulated 
in higher organisms, in humans the Y chromosome has the highest GATA 
repeat density which predominantly exists in centromeric region. 
Generally, the occurrence of repeats in the genomes decreases as the 
length of the repeats increases. In contrast they reported that the 
occurrence of GATA repeats increases as the length of the repeat 
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increases from six tandem repeats onwards and highest at (GATA)io. This 
has not been observed with any other simple repeat. 
For the reasons discussed above, it seems appropriate to assume that 
GATA-GACA sequences are not simple isolated repeats but the 
representatives of true family members of conserved sequences. It can 
further be stated that among these conserved sequences certain elements 
take part in the regulation of the functionally related genes and sex 
determination in different organisms. A lack of sex-specific pattern was 
also observed in rainbow trout {Salmo gairdneri) when GATA-GACA 
sequences cloned from Drosophila were hybridized with rainbow trout 
genomic DNA cleaved with Haelll (Lolyd, 1989). Also, John et al.. 
(1996) have not found any sex-specific hybridization pattern in any of the 
fish studied. Similarly Majumdar et al., (1997) obtained only individual 
specific band pattern but no sex specific band could be detected in L. 
rohita, C. cat/a and O. mossambicus. In the present study, we have not 
been able to observe any sex specific or species specific pattern with an\ 
of the enzyme/probe combinations. This lack of response has been 
attributed either due to the insufficient concentration of the sequences on 
the sex chromosome to be detected or there may be equivalent amount on 
X and Y-chromosomes or the mechanism for sex chromosome evolution 
in the trout may not be the same as in other species (Lloyd et al.. 1989). It 
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is not apparent which of the above factors operate in the catfish H. fossilis 
to account for the absence of sex-specific pattern in this fish. Further 
studies are warranted to unravel this interesting aspect. 
C. Phylogenetic relationship among different individuals of 
H. fossilis 
Cluster analysis of DNA from various individuals of H. fossils digested 
with three different enzymes and probed with two GATA repeats showed 
higher degree of polymorphism. As the clustering start with two most 
similar individuals and then this clusters with another closest individual 
or cluster of individuals. It can be clearly seen from the given trees 
(Figure 4, 5, 6, 7) that the level of genetic variability is high and 
individuals are considerably far apart from each other on the given scale. 
Genetic polymorphism reveals geographical patterns and allows to label a 
stock to its zoogeographical locality. The intra-specific phylogeny study 
would enrich biosystematics (Padhi et al., 1995), as estimates of 
variability within a species are necessary for estimating genetic distance 
among species. 
D. Conclusion and prospectives 
The present study has shown that among the used enzymes-probe 
combinations some particular sets such as Haelll, Hinfl with GATA 24 
and Alul, Hinfl with GATA 18 can successfully be employed for DNAFP 
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of the catfish H. fossilis which gave polymorphic band pattern, different 
degrees of heterozygosity, band sharing probability (BSP) or 
Polymorphic information content (PIC). The high value of 
heterozygosities and low value of BSP suggest that the selected fish 
individuals may have sufficient genetic variability. In cluster analysis, the 
distance among fish individuals also revealed heterogeneity. In addition 
to this, the DNA profiles obtained were individual specific and there is a 
lack of sex specific and species specific band pattern. The high degree of 
intraspecific genetic variability among various individuals of H. fossilis 
symbolizes the robustness of species against stress. 
Indian subcontinent abounds with large number of fish faunal diversity. 
However, it has recently been observed that there has been a consistent 
decline in native fish fauna diversity due to variety of anthropogenic 
factors. The available fish species have become quite prone to even 
routine stress resulting in heavy mortality which may account for the 
recorded decline in capture fisheries of these commercially important fish 
species. The DNAFP confirms the effects of anthropogenic factors (viz. 
population load, over fishing, improper stocking density and introduction 
of undesirable exotic species) at the genetic level which are responsible 
for this decline. In addition, areas such as stock identification, sex control 
of cultured species, pedigree analysis, and detection of genetic diversity 
within the population have substantial impact on aquaculture and 
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fisheries management and are needed to be exploited with DNADP 
approach. 
Lastly, it is also to be mentioned that the loss of genetic diversity is 
irreversible, the cost of the loss cannot be measured by economic scale. 
Therefore, effective management and conservation is an absolute 
necessity before it becomes too late. 
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VIII. APPENDICES 
VIIL APPENDIX! 
1. Lysis buffer 
IM Sucrose 160 ml 
IMTris 5 ml 
IMMgCb 2.5 ml 
Triton lOOx 5 ml 
Make up the solution to 500 ml with distilled water and store at 
2. 10% SDS (Sodium Dodecyl Sulphate) 
100 gm of SDS dissolved in 900 ml of H2O. The pH was adjusted 
to 7.2 with cone. HCl, made upto 1000 ml and Store at room 
temperature (RT). 
3. Nuclease buffer 
SMNaCl 7.5 ml 
0.5M EDTA (pH 8.0) 24 ml 
Make up the solution to 500 ml with distilled water. Store at RT. 
4. Proteinase K 
20 mg/ml 
Store at-20*^0 
5. 10:1 TE Buffer (for 10 ml) 
2M Tris 50^1 
0.5M EDTA 20^1 
Make up the solution to 10 ml with distilled water. Store at RT. 
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6. IM Sucrose (for 1000 ml) 
342.3 gm of sucrose dissolved in 800 ml of distilled water, made 
upto 1000 ml. Filtered, autoclaved and store at 4°C 
7. IM Tris (1000 ml) 
121.1 gm Tris dissolved in 800 ml of distilled water; pH was 
adjusted to 8.0 by cone. HCl and made upto 1000 ml. Filtered, 
autoclaved and store at RT. 
8. IM MgCl2 (1000 ml) 
208.3 gm of MgCb dissolved in 800 ml of distilled water, made 
upto 1000 ml. Filtered, autoclaved and store at RT. 
9. 5M NaCl (1000 ml) 
292.2 gm of NaCl dissolved in 800 ml of distilled water and made 
upto 1000 ml. Filtered, autoclaved and store at RT. 
10. 0.5M EDTA (1000 ml) 
186.1 gm of EDTA dissolved in 800 ml of distilled water; pH 
was adjusted to 8.0 with NaOH, made upto 1000 ml. Filtered, 
autoclaved and store at RT. 
11. 0.5N NaOH (1000 ml) 
20 gm of NaOH dissolved in 900 ml of distilled water, made upto 
1000 ml. Autoclaved and store at RT. 
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APPENDIX-II 
1. 2x SSC-(1000 ml) 
NaCl 17.53 gm 
Sodium Citrate 8.82 gm 
Make up the solution to 1000 ml with distilled water. 
2. Kinase buffer ( 5 ml) 
0.5M Tris (pH 7.4) 1.25 ml of 2M stock 
O.lMMgCli 0.5 ml of IM stock 
50 mM Dithiothreitol 0.25 ml of IM stock 
H2O 3 ml 
Store at -20*^ C 
3. Hybridization buffer 
[50x Denhardts solution (0.5 gm Ficoli, 0.5 gm pohvinyl-
pyrrolidine, 0.5 gm BSA in 50 mi of DDW); 5x SSPE (43.3 gm 
NaCl, 6.9 gm NaH2P04.H20 and 1.85 gm EDTA in 1 litre DDW; 
pH 7.4 ); lOpg/ml E. coli DNA as a carrier and 1% SDS] 
Store at 4 ^ 
4. 0.1% SDS (1000 ml) 
Take 1 gm from the SDS bottle and dissolved it into 1 litre DDW. 
Store at RT. 
5. 20x SSC (1000 ml) 
NaCl 175.3 gm 
Sodium Citrate 88.2 gm 
Make up the solution to 1000 ml with distilled water. 
(Adjust the pH to 7.0 with few drops of NaOH) 
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6. NEB buffer 
Enzyme specific buffer with BSA (NEB, USA). 
7. 6x Loading dye 
0.25% Bromophenol blue 0.125 gm 
0.25% Xylene cynol 0.125 gm 
FicoU (type 400) 1.5 gm 
Dissolved in 50 ml DDW. Store at RT. 
8. 0.5x TBE (1000 ml) 
Trisbase(lM) 3.20 gm 
Boric Acid (IM) 1.54 gm 
EDTA-Na2.2H20 (20mM) 0.18 gm 
Make up the solution to 1000 ml with distilled water. 
9. 3M Sodium acetate 
Sodium acetate 408.1 gm 
H2O 800 ml 
Adjust the pH to 5.2 with glacial acetic acid and made upto 1 litre. 
10. Developer solution 
Metol 
NazCOs 
Hydroquinone 
NasSOj 
KBr 
(for 
Dissolved in warm water 
1000 ml) 
. Store at RT. 
3.5 gm 
40.0 gm 
9.0 gm 
75.5 gm 
4.0 gm 
85 
